

[image: image1]
Acute Kidney Injury and 3-Year Mortality in Elderly Patients After Non-cardiac Surgery












	
	ORIGINAL RESEARCH
published: 12 April 2022
doi: 10.3389/fmed.2022.779754






[image: image2]

Acute Kidney Injury and 3-Year Mortality in Elderly Patients After Non-cardiac Surgery

Qiong-Fang Wu1†, Mao-Wei Xing1†, Wen-Jun Hu2, Xian Su1, Dan-Feng Zhang3, Dong-Liang Mu1* and Dong-Xin Wang1


1Department of Anesthesiology and Critical Care Medicine, Peking University First Hospital, Beijing, China

2Department of Anesthesiology, The 305th Hospital of the Chinese People's Liberation Army, Beijing, China

3Department of Anesthesiology, Fujian Medical University Union Hospital, Beijing, China

Edited by:
Athanasios Chalkias, University of Thessaly, Greece

Reviewed by:
Fabio Ferreira Amorim, Escola Superior de Ciências da Saúde, Brazil
 Tao-Hsin Tung, Taizhou Hospital of Zhejiang Province Affiliated to Wenzhou Medical University, China

*Correspondence: Dong-Liang Mu, mudongliang@icloud.com

†These authors have contributed equally to this work

Specialty section: This article was submitted to Intensive Care Medicine and Anesthesiology, a section of the journal Frontiers in Medicine

Received: 19 September 2021
 Accepted: 28 February 2022
 Published: 12 April 2022

Citation: Wu Q-F, Xing M-W, Hu W-J, Su X, Zhang D-F, Mu D-L and Wang D-X (2022) Acute Kidney Injury and 3-Year Mortality in Elderly Patients After Non-cardiac Surgery. Front. Med. 9:779754. doi: 10.3389/fmed.2022.779754



Objective: The present study aimed to investigate whether acute kidney injury (AKI) was associated with 3-year mortality in elderly patients after non-cardiac surgery.

Methods: The present study was a 3-year follow-up study of two randomized controlled trials. A total of 1,319 elderly patients who received non-cardiac surgery under general anesthesia were screened. AKI was diagnosed by the elevation of serum creatinine within a 7-day postoperative period according to Kidney Disease: Improving Global Outcomes (KDIGO) guidelines. A long-term telephonic follow-up was undertaken by investigators who were not involved in the previous two trials and had no access to the study group assignment. The date of death was taken from the official medical death certificate. The primary outcome was to investigate the association between AKI and postoperative 3-year mortality using the multivariable Cox regression risk model.

Results: Of the 1,297 elderly patients (mean age 71.8 ± 7.2 years old) who were included in the study, the incidence of AKI was 15.5% (201/1297). Of the patients with AKI, 85% (170/201) were at stage 1, 10% (20/201) at stage 2, and 5% (11/201) at stage 3. The 3-year all-cause mortality was 28.9% (58/201) in patients with AKI and 24.0% (263/1,096) in patients without AKI (hazard ratio 1.247, 95% confidence interval 0.939–1.657, P = 0.128). The multivariable Cox regression showed that AKI was not associated with 3-year mortality after adjustment of confounding factors (adjusted hazard ratio 1.045, 95% confidence interval 0.780–1.401, P = 0.766).

Conclusions: AKI was a common postoperative complication, but it was not associated with 3-year mortality in elderly patients who underwent non-cardiac surgery. The low incidence of severe AKI might underestimate its underlying association with long-term mortality.
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INTRODUCTION

Postoperative mortality is the third largest contributor to global death, following ischemic heart disease and stroke (1, 2). Complications such as major adverse cardiac events, stroke, and acute kidney injury are considered as the main reasons for perioperative death (3–5). Among these complications, acute kidney injury (AKI) presents a higher incidence and has a significantly detrimental effect on clinical outcomes.

The overall incidence of AKI varies from 3 to 13% in patients who underwent non-cardiac surgeries and increases up to 20% in older adults (5–7). The underlying etiologies and mechanisms of AKI are multifactorial. Common risk factors include poor renal function (i.e., chronic renal disease), surgery-related stress response, nephrotoxic drugs (i.e., anesthetics and antibiotics), and hemodynamic variability (i.e., hypotension and hypovolemia) (6, 8, 9).

Acute kidney injury is associated with poor clinical outcomes in patients. Several studies indicated that patients with AKI suffer three times the risk of cardiovascular complications and prolonged in-hospital stay (9–11). In a population-based study, patients with AKI experienced an 8-fold increased risk of 30-day mortality (12). Patients with AKI, after vascular surgery, spent an additional amount of US$ 9,000–19,000 on confounding comorbidities and other postoperative complications (13).

Unlike the supportive data on AKI and postoperative short-term (i.e., within 30 days) mortality, it is still uncertain whether AKI is associated with long-term mortality in patients after non-cardiac surgery. After an abdominal surgery, the risk of 1-year mortality increased by 2-fold in patients with AKI (14). This result is consistent with a meta-analysis of 82 cohort studies which showed that patients with AKI were at an increased risk of long-term mortality (13.19 vs. 7.26 deaths per 100 person-years) (15). However, a recent observational study did not find the impact of AKI on 1-year mortality in patients after colorectal cancer surgery (16). A prospective study of critically ill patients also found that AKI was not an independent risk factor of 3-year mortality (17). Evidence from previous studies was mainly based on retrospective designs with inherent flaws, such as missing data and bias (14–16). Strong evidence mapping the relationship between AKI and 3-year mortality in elderly patients after non-cardiac surgery is still lacking (14–18). We hypothesized that patients with AKI may have a higher 3-year mortality compared to patients without AKI after non-cardiac surgery.

The present study was designed to investigate whether AKI was associated with 3-year mortality in elderly patients after non-cardiac surgery.



MATERIALS AND METHODS

This analysis was based on a 3-year follow-up dataset of two randomized controlled trials (RCTs) (19, 20). The study protocol was approved by the Clinical Research Ethics Committee of Peking University First Hospital (2020-115). Informed consents were waived because of no intervention in patients.


Participants

Participants in two RCTs were prospectively followed up for 3 years (Supplementary File 1). In the first trial, elderly patients aged 65 and above were enrolled from 17 August 2011 to 20 November 2013 to investigate the primary hypothesis, that is, if a low dose intraoperative infusion of dexmedetomidine for sedation could decrease the incidence of postoperative delirium in intensive care unit (ICU) patients (19).

The two trials had similar exclusion criteria: 1) previous history of schizophrenia, epilepsy, or Parkinson's disease; 2) inability to communicate; 3) history of traumatic brain injury or neurosurgery; 4) severe bradycardia (heart rate <50 beats per minute), sick sinus syndrome or atrioventricular block of degree 2 or above without pacemaker; 5) severe hepatic dysfunction (Child-Pugh grade C), and 6) renal failure or requirement for renal replacement therapy before surgery.

In the present study, we excluded patients who had no serum creatinine at baseline or within a 7-day postoperative period and patients who underwent renal transplantation surgery.



Definition of AKI

The criteria of Kidney Disease: Improving Global Outcomes (KDIGO) was used to diagnose AKI (21). As the value of urine output (i.e., per hour or per 6 h) could not be accurately collected from patients in the general ward, we utilized the variability in serum creatinine measurements to diagnose AKI in accordance with most clinical studies (5, 6).

In comparison with the baseline value, AKI was established when there was an increase in serum creatinine by ≥ 0.3 mg/dl within 48 h after surgery or an increase in serum creatinine of ≥ 1.5 times baseline within a 7-day postoperative period. The severity of AKI was divided into stage 1 (postoperative creatinine was 1.5–1.9 times baseline or increased by ≥ 0.3 mg/dl within 48 h after surgery), stage 2 (postoperative creatinine was 2–2.9 times baseline), and stage 3 (postoperative creatinine was > 3 times baseline or increased by ≥ 4.0 mg/dl or the commencement of renal replacement therapy) respectively (21).

Depending on when it occurred, AKI within a 48-h postoperative period was defined as early AKI, and AKI occurring from 48 h to 7 days after surgery was termed late AKIn (22).



Follow-Up and Definition of Survival

The 3-year follow-up was performed by investigators who had not been involved in the previous two trials and had no access to study group assignments. Follow-up was performed by telephonic interviews with patients and/or their family members. For patients who died within 3 years, the date of death was recorded as per the official medical death certificate. A telephonic interview was tried at least 5 times on 5 different days before patients were marked as lost to follow-up. For these patients, the time of their last hospital visit after surgery as recorded in the inpatient or outpatient medical record system was defined as censoring time.



Outcomes

The primary outcome was to investigate the association between AKI and 3-year mortality. The secondary outcomes were the associations between the onset time and the severity of AKI and 3-year mortality.



Data Collection

Demographic characteristics, preoperative comorbidities, the American Society of Anesthesiologist (ASA) classification, surgery and anesthesia-related information, non-AKI complications within a 30-day postoperative period and perioperative serum creatinine levels were collected from the database of the in-hospital electronic medical system and case report forms. The 3-year follow-up data, including survival time and the cause of mortality, was collected through telephonic interviews.



Statistical Analysis

Prior to analyzing the data, the normality of continuous data was tested using the Kolmogorov-Smirnov test. Data with normality were expressed as mean ± standard deviation (SD), and the between-group difference was compared through the independent sample t-test. Data without normality were expressed as median (interquartile range, IQR), and the between-group difference was compared using the independent sample Mann-Whitney U test. Categorical variables were expressed as numbers (percentage) and compared using the chi-square or Fisher's test.

For the primary outcome, the Kaplan-Meier analysis was used to explore the relationship between AKI and 3-year mortality. Comparison between the two groups was tested by the log-rank test. A univariate analysis was used to screen potential risk factors that might be associated with 3-year mortality (i.e., baseline characteristics, perioperative variables, and postoperative non-AKI complications). Variables with P < 0.05 in the univariate analysis or that were considered clinically important (i.e., perioperative dexmedetomidine infusion) were included in a multivariable Cox regression analysis. AKI was compulsorily entered into the multivariable Cox regression analysis. The relationships between the onset time and the severity of AKI and 3-year mortality were also analyzed similarly.

Statistical analysis was conducted by SPSS 25.0 (SPSS, Inc., Chicago, IL). All tests were two-tailed, and P < 0.05 was considered as statistical significance.




RESULTS


Patients

A total of 1,319 patients were eligible, of which 1,297 patients entered the final analysis (Figure 1). The mean age of the enrolled patients was 71.8 ± 7.2 years. The median follow-up time was ~36 (IQR 30, 42) months. Baseline characteristics and perioperative variables are listed in Tables 1, 2.
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FIGURE 1. A flowchart of the study. AKI, acute kidney injury.



Table 1. Demographic and baseline variables.
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Table 2. Perioperative variables.
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Incidence of AKI

The incidence of AKI was ~15.5% (201/1297). Of the patients with AKI, 85% (170/201) were at stage 1, 10% (20/201) at stage 2, and 5% (11/201) at stage 3. Of these patients with AKI, 5% (10/201) of them received continuous renal replacement treatment during hospitalization. A significant portion of AKI (95%, 191/201) occurred within a 48-h postoperative period and 5% (10/201) of AKI occurred between 48 h and 7 days after surgery.



AKI and 3-Year Mortality

In total, 24.7% (321/1,297) patients died within 36 months after surgery. The incidence of death was 27.2% (46/170), 35% (7/20), and 45.5% (5/11) in patients with AKI stages 1, 2, and 3, respectively. Overall, the mortality rate was 28.9% (58/201) in patients with AKI and 24.0% (263/1,096) in non-AKI patients (HR 1.247, 95% CI 0.939–1.657, P = 0.13). The comparable 3-year mortality rates between patients with and without AKI was done using the Kaplan-Meier analysis (Log-rank test P = 0.13, Figure 2).


[image: Figure 2]
FIGURE 2. The Kaplan-Meier analysis of 3-year mortality between two groups. Cumulative 3-year mortality was comparable between two groups (Log-rank test P = 0.13). AKI, Acute kidney injury.


Furthermore, the multivariable Cox regression analysis showed that AKI was not associated with 3-year mortality (adjusted HR 1.045, 95% CI 0.780–1.401, P = 0.77) after adjusting for confounders (i.e., age, gender, BMI <18.5 kg/m2, presence of malignant tumors, preoperative serum creatinine > 1.2 mg/dl, ASA classification, major surgery, intraoperative blood transfusion, perioperative dexmedetomidine infusion, and non-AKI complications; Table 3).


Table 3. Association between acute kidney injury and 3-year mortality.
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AKI Onset Time and 3-Year Mortality

With regard to patients without AKI, both univariate and multivariable Cox regression analyses showed that late AKI was associated with an increased risk of mortality (adjusted HR 3.754, 95% CI 1.532–9.198, P = 0.004; Table 4).


Table 4. Association between onset time and stage of acute kidney injury and 3-year mortality.

[image: Table 4]



AKI Stage and 3-Year Mortality

In patients without AKI, the univariate analysis, but not the multivariable Cox regression analysis, showed that a higher AKI stage (stage 2 and 3) was associated with increased 3-year mortality (HR 2.033, 95% CI 1.140–3.626, P = 0.02; Table 4).




DISCUSSION

The present study found that AKI was not associated with 3-year mortality in elderly patients after non-cardiac surgery. One strength of the present study is the relatively large sample size of older adults. Another strength is that the 3-year follow-up was planned at the beginning of the two trials and all data were prospectively collected.

In the present study, the incidence of AKI was ~15.5%, and 85% of them were at stage 1. This result was consistent with previous studies (5–7). Similar to most other studies, we only employed creatinine to diagnose AKI, and this might underestimate the incidence and the severity of AKI (5, 6).

Many studies have reported the positive relationship between AKI and short-term mortality in patients who underwent non-cardiac surgery, but the association between AKI and long-term mortality is still uncertain (10, 23). A retrospective study analyzed 1,869 patients who underwent non-cardiac surgery and found that AKI was associated with an increased risk of mortality between 8 and 365 days (5). In 6,590 patients who underwent colorectal cancer surgery, AKI was associated with an increased risk of mortality between 8 and 30 days and between 31 and 90 days, but it was not related to mortality between 91 and 360 days (16).

The present study was designed to investigate whether AKI was associated with 3-year mortality in elderly patients after non-cardiac surgery, and our results showed that it was not. This result might be attributed to several underlying factors. First, the impaired kidney function of patients with AKI may recover or improve with time, and this potentially reduces its impact on long-term mortality. A long-term follow-up of 1,893 patients after partial nephrectomy showed that the incidence of AKI within a 7-day postoperative period was about 20% (388/1,893), and the renal function of most of these patients recovered to 90% of baseline function within a year after surgery (24). A propensity score matching study showed that the recovery of the renal function was associated with a decreased risk of 1-year mortality in surgical patients (25). Second, about 80% of these patients received surgery for malignant tumor, and 73.8% of mortalities were related to cancer. The recurrence of tumor and metastasis might be the major reason for long-term mortality and surpasses the potential effect of AKI. Third, the incidence and severity of AKI might be underestimated because we only considered serum creatinine levels to diagnose AKI without urine output.

The stage and the onset time of AKI may also exert different effects on long-term mortality. The relationship between the AKI stage and long-term mortality had been reported in many studies (5, 16, 26). However, we did not find the statistical significance between the AKI stage and 3-year mortality. This might be attributed to the lower occurrence of severe AKI (only 31 patients experienced stage 2 and stage 3 AKI) in the present study. The sample size in our study was not enough to explore the relationship between AKI stage and 3-year mortality. A retrospective study showed that both early and late onset of AKI were related to an increased risk of 1-year mortality in critically ill patients after a major non-cardiac surgery (22). We noticed that late onset AKI, but not early onset AKI, was related to an increased risk of 3-year mortality in the present study. However, only 10 patients were diagnosed with late onset AKI in our study, and this small sample size yielded insufficient statistical power. Thus, this result should be considered as an exploratory analysis and interpreted with caution.

The etiologies of overall mortality are multifactorial. Aging was the robust predictor of mortality in many studies (27). In the validation study of a national risk prediction model for perioperative mortality in non-cardiac surgery, male patients were associated with an increased risk of mortality and were considered as one of the key factors to improve the predictive performance of the risk model (27). Lower BMI was an important manifestation of malnutrition and was highly associated with an increased risk of complications and mortality (28). Preoperative renal function impairment and the ASA physical status classification were reflections of disease severity and, therefore, were validated as confounders of mortality in many studies (29, 30). Major surgery was defined as a surgery duration of more than 2 h, and the prolonged duration of surgery was considered as a risk factor of mortality in patients after the multivariate analysis (14). The role of allogenic blood transfusion in long-term mortality received more attention, but the conclusions remain controversial (31). Although several studies reported that perioperative application of dexmedetomidine might decrease the risk of long-term mortality in surgical patients, the results were inconclusive (32, 33).

The present study has several limitations. First, we only adopted serum creatinine levels for the diagnosis of AKI, and this might underestimate its incidence. Second, this was a prospective follow-up of two RCTs, which excluded some high-risk patients with comorbidities (i.e., severe hepatic or renal diseases). This might limit the generality of our results. Third, we did not get the serum creatinine levels during the 3-year postoperative period or at follow-up, which impeded the assessment of renal function at the 3-year postoperative period. Fourth, only 11 patients were diagnosed as AKI stage 3 in the present study. Our result showed that the incidence of death increased from 27.2 to 45.5% in patients with AKI stages 1 and 3. However, the low incidence of severe AKI might underestimate its underlying association with long-term mortality.



CONCLUSION

The present study found that AKI was common in patients after non-cardiac surgery; however, it was not associated with 3-year mortality. The incidence of severe AKI (i.e., stage 3) was very low, and this might underestimate the underlying association between AKI and long-term mortality. Further studies with a large sample size are needed to verify our result.
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Major surgery (surgery time > 2h, yes) 1.946 (1.387-2.730) <0001 1.496 (1.050-2.139) 003
Intraoperative blood transfusion (yes) 2866 (2.232-3.681) <0001 2.286 (1.761-2.968) <0.001
Perioperative dexmedetomidine infusion (yes) 0858 (0.697-1.080) 020 - -
Acute Kidney injury (yes) 1.247 (0.939-1.657) 0.13 1.045 (0.780-1.401) 077
Non-AKI complications within 30 days of the postoperative period (yes) 1.637 (1.203-1.964) 0,001 - -

HR, hazard ratio; C, confidence interval; ASA, American Society of Anesthesiologists; AKI, acute kidney injury.
*Variables with P < 0.05 in the univariate analysis or considered clinicall important (ie., perioperative dexmedetomidine infusion, acute kidney injury) were included into the multivariable
Cox regression analysis.
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HR (95% CI) P-value HR (95% CI) P-value
AKI onset time

Non-AKI Reference Reference

Early AKI 1.183 (0.881-1.589) 0264 0.978 (0.722-1.324) 088
Late AKI 2931 (1.210-7.012) 0017 3.754 (1.532-9.198) 0.004
AKI stage

Non-AKI Reference Reference

Stage 1 1.133(0.828-1.550) 0.434 0.958 (0.696-1.320) 0.79
Stage 2and 3 2033 (1.140-3.626) 0016 1,628 (0.903-2.937) 0.1

HR, hazard ratio; Cl, confidence interval; AKI, acute kidney injury.

*The multivariable Cox regression model was adjusted for the following confounders: age, gender, BMI < 18.5 kg/m?, malignant tumor, preoperative serum creatinine > 1.2 mg/d, ASA
classification, major surgery, intraoperative biood transfusion, perioperative dexmedetomidine infusion, and occurrence of 30-day postoperative non-AKI complications (these factors
were listed in Table 3).
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AKI, acute kidney injury; SD, standard deviation; ASA, American Society of Anesthesiologists; CCl, Charlson's comorbicity index.
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Al patients (n = 1,207) Non-AKI group(n = 1,096) AKI group (n = 201) P-value

Type of surgery, n (%) 0.10
Intra-abdorninal 891 (68.7) 743 (67.8) 148 (73.6)

Intrathoracic 222 (17.1) 191 (17.4) 31(15.4)

Spinal and extremital 119(9.2) 109(9.9) 10(5.0)

Superfcial and transurethral 65(5.0) 53(4.8) 12(6.0)

Type of anesthesia, n (%) 094
General anesthesia 1218(93.9) 1029 (93.9) 189 (94.0)

Combined epidural-general anesthesia 79(6.1) 67(6.1) 12(6.0)

Perioperative dexmedetomidine, n (%) * 656 (50.6) 559 (51.0) 97 (48.3) 047
Duration of anesthesia, h 47(35,62) 48(36.4.3) 38(30,56) <0001
Duration of surgery, h 33(22,48) 35(23,4.8) 2.6(1.8,4.3) <0.001
Duration of surgery > 2h, n (%) 1,045 (80.6) 908 (82.8) 137 (68.2) <0001
Total fluid infusion, | 2.4(16,35) 25(1.6,3.6) 21(15,8.1) <0.001
Intraoperative blood transfusion, 1 (%) 172(13.3) 143 (13.0) 29(14.4) 0,60
LOS after surgery, d 9(6,14) 10(7,14) 76,14 <0.001
Postoperative non-AKI complications, n (%) 272 21) 226 (20.6) 46 (22.9) 047
Deliriumt 156 (12.0) 128(11.7) 28(18.9) 037
Stroke 4003 0(0.4) 0(0.0) >0.99
Cardiac complications* 59(4.5) 44(4.0) 15(7.5) 0.03
Pulmonary complications’ 27 2.1) 19(1.7) 8(4.0) 0.06
Sepsis 17(13) 12(1.1) 5@5) 017
Other complications ** 70(5.4) 57(5.2) 13(6.5) 047
Death within postoperative 30-day, n (%) 7(05) 4(0.4) 3(15) 0.08

AKI, acute kidney injury; ICU, intensive care unit; h, hour; IQR, interquartie range; LOS, length of in-hospital stay.

Data are presented as number (%) or median (interquartie range).

*Dexmedetomidine infusion during surgery or within 24 h after surgery; *Delirium was diagnosed within 7 days after surgery; *Cardiac complications included acute coronary syndrome
and heart failure; $Pulmonary complications included pneumonia and respiratory faiure; ~Other complications included deep venous thrombosis (6); surgical site infection (20); surgical
bleeding (22); anastomotic leakage (12); intestinal obstruction (17).
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